as it relates to CIFOR's strategy and identi es research opportunities that align with CIFOR's strategic goals. Over the past two decades, CIFOR has accumulated a substantial body of work on dry forests, with a particular focus on African dry forests. is paper is intended to build on that work, by gathering wider research from around the world, as CIFOR seeks to widen the geographic scope of its research on dry forests. e present assessment explores ve themes: climate change mitigation and adaptation; food security and livelihoods; demand for energy; sustainable management of dry forests; and policies and institutional support for sustainable management.
ese themes emerged as priority areas during discussions on dry forest research priorities held at CIFOR's Dry Forests Symposium in South Africa in 2011
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. Research on these themes should be considered a priority, given the importance of dry forests to people and ecosystems around the world and the threats posed to them.
Generally, the review reveals a clear need for an increase in the following:
• Up-to-date information on deforestation in African dry forests • Livelihoods-based research in Latin America • Research across the entire portfolio in Asia, the Paci c and the Caribbean.
For speci c research topics, the assessment nds the following:
• Research on climate change and carbon is advanced for the dry forests of Latin America and parts of Africa, but severely lacking for other regions.
• Food security and livelihoods have been well studied in parts of Africa, but in all other regions the role of dry forests in food security is underresearched, particularly in the area of direct provisioning.
• Africa is well represented in research into energy supply and demand (particularly woodfuel and charcoal, but increasingly biofuels as well).
Latin America has been the subject of extensive biofuels research.
• Novel management institutions, such as community forestry, have received research attention in the dry forests of Latin America and Africa but not those of India, where research of this nature has focused on other environments.
• Greater research on sustainable management of dry forests speci cally is required in all regions, as is analysis of forestry policy and policy in other sectors that a ects dry forests.
CIFOR has used recent high-pro le events such as the Dry Forests Symposium in 2011 to build the necessary momentum to put dry forests onto national and international agendas. By prioritizing research that lls knowledge gaps, CIFOR and its partners could strengthen and consolidate its existing work, broaden the available knowledge on dry forests in a relatively short time, and make substantial progress toward achieving its strategic goals, as well as contributing to global policy processes.
Why focus on dry forests?
Dry forests comprise slightly less than half of the world's subtropical and tropical forests (Murphy and Lugo 1986 ) and they support some of the world's poorest people (Campbell 1996; Cunningham et al. 2008; Waeber et al. 2012) . For example, the African miombo alone is thought to provide livelihoods for more than 100 million people in urban and rural areas (Campbell et al. 2007; Syampungani et al. 2009; Dewees et al. 2011) . Furthermore, dry forests provide a wide range of ecosystem services, thus playing an important and complex role in supporting the agricultural systems on which millions of subsistence farmers depend (Chidumayo and Gumbo 2010) .
Despite their importance, dry forests are among the most threatened and least studied of the world's forested ecosystems and, as a result, may be at greater risk than humid forests (Janzen 1988; Miles et al. 2006 ; Portillo-Quintero and Sánchez-Azofeifa 2010; Aide et al. 2012; Gillespie et al. 2012) . For example, the dry forests of some Paci c islands are thought to have been reduced to less than 10% of their original extent, with the remainder still threatened by human activity and the invasion of exotic species (Gillespie et al. 2012) . It has also been suggested that the goods and services that dry forests provide are signi cantly di erent from those of humid forests, thus requiring di erent approaches to management and conservation (Wunder 2001; Makonda and Gillah 2007; Gumbo et al. 2010) . Nevertheless, in both natural and social science, the focus of much forest-based discussion and research remains on humid forests (see, for example, Sánchez-Azofeifa et al. 2005; Malmer and Nyberg 2008) .
Despite the clear and urgent need for site-speci c, evidence-based policy to support dry forest management and conservation, much of the data and information required for such policy is absent or incomplete.
Building on the past
In recognizing the inherent value of dry forests, CIFOR has devoted considerable attention to supporting dry forest research. One of CIFOR's rst occasional papers was dedicated to the miombo dry forests: Social and economical aspects of miombo woodland management in Southern Africa: Options and opportunities for research (Dewees 1994) was published just a year after the organization was founded. is was followed two years later by a complete book e Miombo in Transition: Woodlands and Welfare in Africa (Campbell 1996) . In 2002, CIFOR developed a framework for dry forest research titled Africa's tropical dry forests -time to reBox 1. Chronology of relevant strategic reviews 1994 Social and economical aspects of miombo woodland management in Southern Africa: Options and opportunities for research. This paper noted that dry forests had been neglected in public discourse and that the emergence of community-based forest management institutions demanded greater attention on dry forests. Priority themes identi ed for research were: institutional change; household use of woodland products; markets for woodland products; long-term dimensions of exploitation; and policy and legislation. Author: Dewees P.
2002 Africa's tropical dry forests -time to re-engage: An agenda for priority research. The paper called for greater research along ve themes: livelihoods; forest management; extra-sectoral trends; anticipating climate change; and north-south collaboration. Authors: Shepherd G, Chipeta M, Campbell B. 2005 Contributing to Africa's development through forests: Strategy for engagement in sub-Saharan Africa. This strategy was centered on the role of humid and dry forests in achieving the Millennium Development Goals, and was to focus on knowledge dissemination, capacity building, policy and equity. Author : CIFOR 2010 Opportunities for dry forest research within CIFOR. This report expanded the focus of dry forest research beyond Africa, identifying opportunities in a variety of areas including fuel, ecosystem services, carbon storage and agriculture. Authors: Gumbo E, Cunningham T, Shackleton C.
2011 New research agenda for Africa's dry forests de ned at Durban. This article summarized the discussions at the Dry Forests Symposium held in 2011, during which the ve priority themes for dry forest research used in this report were identi ed: climate change; food security and livelihoods; demand for energy; sustainable management; and policies and institutions to support sustainable management. Author : Sunderland T. 2012 In line with CIFOR's intention to expand research coverage of dry forests beyond Africa, two studies were commissioned to identify key research requirements in Latin America (Baldauf 2012) and South Asia (Waeber et al. 2012) . The reports subsequently led to CIFOR convening a consultation with key dry forest stakeholders from those regions in Zurich, aimed at further developing a global research strategy and identifying important gaps in current research, i.e. this document.
2013 As a direct result of the Zurich workshop, a proposal for a journal special issue on dry forests was developed and accepted, pending review, by the International Forestry Review. It is anticipated this special issue will be published in early 2014.
engage: an agenda for priority research (Shepherd et al. 2002 ; see Box 1). In the decade since then, CIFOR has conducted research exclusively dedicated to dry forests, such as the Stimulating Policy Dialogue on Sustainable Management of Africa's Dry Forests program (Campbell et al. 2004 ) and the Dry Forests Project (Mwitwa and Bonkoungou 2009), as well as broader forest and livelihoods work with a signi cant dry forest component, such as the Landscape Management for Improved Livelihoods (LAMIL) project in Guinea (Sunderland-Groves et al. 2011 ).
To date, CIFOR's dry forest research has concentrated on Africa, partly because of the extent of dry forests on that continent and the large numbers of African people that rely on dry forests for their livelihoods and a range of goods and services. In 2010, CIFOR raised the pro le of African dry forests through the publication of e Dry Forests and Woodlands of Africa: Managing for Products and Services (Chidumayo and Gumbo 2010) 3 . is book brought together a wide range of scientists conducting research on Africa's dry forests to analyze management experiences and set out knowledge on sustainable use for the bene t of policy makers, practitioners and scientists.
CIFOR is now expanding its dry forest research to cover other regions of the world. e process began with a review titled Opportunities for dry forest research within CIFOR , aimed at raising the pro le of dry forests within CIFOR and identifying potential research opportunities worldwide. Further development led to a symposium on dry forests in South Africa in 2011 (Dry Forests Symposium: A New Research Agenda for Africa, CIFOR 2011) and a review of the research opportunities in Latin American and South Asian dry forests in the following year (Baldauf 2012; Waeber et al. 2012 ). e symposium resulted in a new research agenda for dry forests that included the following themes:
• Climate change mitigation and adaptation;
• Food security and livelihoods;
• Demand for energy;
• Sustainable management of dry forests;
• Policies and institutions. is paper builds on previous work by outlining the state of worldwide dry forest knowledge for each of these themes.
Global dry forests
ere is a notable lack of literature that examines dry forests from a global perspective, possibly due to the di culties in de ning what constitutes a dry forest, a topic that has been subject to extensive debate. However, some research on de ning the extent of such forests is available (see FAO 2001; Miles et al. 2006; FAO 2012) . e FAO has identi ed tropical dry forests as a Global Ecological Zone (GEZ), and de nes tropical dry forests as those experiencing a "tropical climate, with summer rains … a dry period of 5 to 8 months [and] annual rainfall ranges from 500 to 1500 mm. [Dry forests include the] drier type of miombo and Sudanian woodlands, savannah (Africa), Caatinga and Chaco (South America) [and] dry deciduous Dipterocarp forest and woodlands (Asia)" (FAO 2001, 18 ). e FAO de nition is used for the purposes of this review, and includes research conducted in areas with relatively open canopies such as woodlands, woody stands and other similar areas such as the Brazilian Cerrado. e FAO map of the tropical dry forest GEZ (reproduced in Appendix 3) shows that the largest areas of dry forest are in South America, sub-Saharan Africa and northeast India. Signi cant concentrations are also present throughout Southeast Asia, northern Australia and parts of the Paci c, Central America and the Caribbean.
According to Miles et al. (2006) , less than one-third of the world's dry forest area lies within protected areas. Despite general agreement in the literature that dry forests are under threat (see Kowero 2003; Gillespie et al. 2012) , comprehensive data on the rates of deforestation and conversion of dry forests are di cult to nd. Portillo-Quintero and Sánchez-Azofeifa (2010) showed for the Americas that twothirds of tropical dry forest in the region has already been converted, with the rate as high as 95% in some countries. Aide et al. (2012) (Herold 2009 ). Furthermore, the drivers of deforestation across the regions are also poorly understood.
Summary of research priorities
Following are the main research priorities, in order of importance:
• Establish an agreed de nition of tropical dry forests that CIFOR and related organizations can use to ensure consistency in how the term is used. e de nition proposed by FAO (2001) would be suitable, given its simplicity and broad range.
• Establish national and global dry forest inventories, which appear to be lacking in most countries where such forests are found (Skutsch and Ba 2010), partly due to capacity issues (Herold 2009; Herold and Johns 2007 ).
• Redress the regional and topical imbalances in existing knowledge, to improve coverage of biophysical aspects (especially deforestation), ecosystem services and sustainable intensi cation in Africa, Asia, the Caribbean and the Paci c. e majority of the literature covers the southern African miombo forests; this is particularly true for food security, livelihoods and community forestry. Latin America is increasingly receiving research attention, particularly related to carbon, payments for environmental services (PES), community forestry, novel conservation approaches (such as sustainable intensi cation for land sparing) and deforestation.
• 6 The regions at a glance:
Where are the research gaps?
Latin America and Caribbean
In 2012, CIFOR commissioned a report to identify research opportunities in the dry forests of Latin America (Baldauf 2012 ). e report's ndings show the following:
Strengths:
• Latin American dry forests have possibly the strongest biophysical research base of all the regions, with a large number of studies documenting biophysical aspects (such as species population changes and carbon storage).
• Latin America has the most comprehensive deforestation data, with extensive use of remote sensing. • e region is probably the best studied in terms of PES and carbon storage, with Mexico in particular the subject of much research.
• Livelihoods and community forestry have been extensively studied.
• Latin America is the best-represented area for research into agricultural intensi cation as a conservation tool through land sparing, although di erent studies have reached contrasting conclusions.
Gaps:
• e role of dry forests in the direct provision of food and in nutrition is not well documented, aside from a few studies with indigenous people.
• Research in Latin America tends to concentrate on how humans a ect the forest, resulting in a lack of information on how people use the forest apart from clearing it for agriculture (see Stoner and Sánchez-Azofeifa 2009 ).
• ere is a need for greater research into forest users and uses, small-scale forest enterprises, climate change adaptation and the management of production forests.
• e Caatinga region of Brazil is one of the largest and most species-rich dry forest formations in Latin America but it is frequently classi ed as shrubland rather than as dry forest. As a result, the Caatinga may be excluded from relevant research and reporting (such as forest clearance gures); this issue (also present for some of the African miombo and Brazilian cerrado (Miles et al. 2006) ) highlights the need for an accepted, standardized de nition of dry forests.
• e Caribbean remains almost signi cantly unresearched with the exception of biophysical studies, most of which focus on the Caribbean mainland (for example, Gonzalez and Zak 1994; Bloem et al. 2006) . Mapping and cataloguing the biophysical characteristics of these forests should be a high initial priority.
Africa
African dry forests, particularly the miombo and West African forest, have been extensively studied for decades. Nevertheless, some signi cant gaps remain.
Strengths:
• e region has by far the greatest body of research on livelihoods, food security, community management and conservation/development trade-o s.
• Small-scale enterprises and the impact of larger-scale trade and investment are also better researched in African dry forests than elsewhere.
• In East Africa, signi cant work has been conducted on some economically important dry forest products including honey and beeswax, and gums and resins from Acacia and Boswellia species.
• e body of research on carbon storage, the Reducing Emissions from Deforestation and Forest Degradation program (REDD) and ecosystem services is small but growing.
• Herold 2009 ). e work of Mayaux et al. (2004) may provide a sound foundation for such work.
• e resilience of dry forest ecosystems, particularly in the face of deforestation, is poorly understood although such understanding is vital for e ective management.
• Research into management of production forests is scarce.
• In East Africa research on the link between urbanization and dry forests in relation to wood energy and forest foods remains limited. • CIFOR's research e orts into adaptation to climate change in African dry forests, although signi cant, have tended to be con ned to West and Central African countries. e miombo woodlands of East and Southern Africa are poorly served by adaptation research; these might be a particular priority given the number of people reliant on these forests.
• e dry forests of Angola seem to be almost totally unresearched beyond a few biophysical studies, despite being found extensively throughout almost the entire country (Timberlake et al. 2010 ).
Asia
• Asian dry forests are not particularly well studied, despite being regionally extensive (Asian dry forests are de ned here as encompassing the dry forests of Indochina as well as those of the Lesser Sundas and Central India). For example, Po enberger (2000) found that up to 30% of forests in mainland Southeast Asia are classi ed as dry forest and Waeber et al. (2012) stated that up to 60% of Indian forests are comprised of dry forests. Although the FAO launched an Asian Dry Forests Initiative in the early 2000s, little activity has been evident over the past decade, and several important dry forest countries (such as Laos and Cambodia) are not participating (Appanah et al. 2003; FAO 2008 ).
• India has probably received the most research attention, with the following features: -Some biophysical (see, for example, Parthasarathy et al. 2008; Sagar et al. 2003) , community forestry and livelihoods research is available. -Livelihoods studies tend to have a narrow focus on non-timber forest products (NTFPs) and small enterprises, and little is known, for example, about the role of direct provisioning and subsistence usage (see Narendran et al. 2001; Mahapatra and Tewari 2005; Waeber et al. 2012 ). -Research into community forestry, although well developed, tends to include other forest types, meaning that dry-forest-speci c conclusions are not given.
• e dry forests of ailand have been subject to some research, mostly on composition and human-induced changes (Bunyavejchewin 1983; Ghazoul 2002; Johnson 2002) , as well as a narrow but very valuable collection of studies related to food use and the forest (see MorenoBlack and Price 1993; Moreno-Black et al. 1996; Price 1997; Somnasang and Moreno-Black 2000; Setalaphruk and Price 2007) . Recent research on emerging themes such as climate change adaptation is lacking.
• Research speci cally on dry forests in other parts of Asia is limited, although the region's dry forests do sometimes feature in studies that do not focus on a speci c forest type.
Paci c
It appears that virtually nothing is known about the dry forests of the Paci c Islands, aside from one or two studies on their composition and conservation status and several archaeological studies on the history of the forest (see Blackmore and Vitousek 2000; Gillespie and Ja ré 2003; Pau et al. 2009; Gillespie et al. 2012) . At the very least, the mapping and cataloguing of the biophysical characteristics of these forests should be a high priority. e International Union for the Conservation of Nature (IUCN) initiated a program focused on the dry forests of New Caledonia in the early 2000s, but little progress appears to have been made and the most recent activity dates back to 2002 (PFS 2004; IUCN 2012 ). Although the majority of this research activity has taken place in Latin America, examples are available for the dry forests of Asia and, to a lesser extent, Africa (Brown et al. 1993; Walker and Desanker 2004; Glenday 2008; Williams et al. 2008 ). On a wider scale, Saatchi et al. (2011) attempted to develop a cross-regional map showing forest carbon estimates for 75 countries, including all types of forest. However, many tools are of contested accuracy (see Cairns et al. 2003) and there is still considerable scope for further research into tools designed speci cally for dry forests.
A priority for CIFOR, therefore, might be to identify research needs in order to build on existing tools and methods for estimating carbon stocks in dry forests. For example, a major issue with estimation tools is that they rely on forest inventories, which for many dry forests may be missing, incomplete or out of date (Skutsch and Ba 2010). erefore, one of the most pressing requirements for supporting greater research under this theme is the development of reliable dry forest inventories. Another priority might be comparing and contrasting the drivers of deforestation between dry forest regions.
The political economy of carbon trading schemes in dry forests
Although it is often stated that carbon schemes such as REDD focus on humid forests because dry forests contain less carbon (Wertz-Kanounniko and Kongphan-apirak 2009), REDD schemes are planned for some dry forested regions and CIFOR has already begun research on such schemes in the miombo woodlands of Zambia and Mozambique (Wertz-Kanounniko et al. 2011) . However, the understanding of how policies, governance and social structures will a ect the success of such schemes is underdeveloped. For example, Baldauf (2012) suggested that in the Caatinga region of Brazil, socio-ecological conditions may require new models of payment schemes. Bond et al. (2010) sought to explore implications of existing policy and prospects for implementation of REDD in the miombo, but elsewhere policy analysis is severely lacking (see Miles 2010) . Furthermore, where such analysis is available, conclusions are rarely separated by forest type (see, for example, Jindal et al. 2008; Byigero et al. 2010) .
is reveals an opportunity to undertake much greater research speci cally on carbon trading and dry forests in all regions.
Of particular value might be intra-country comparison studies in states that are participating in REDD and have dry and humid forests in similar proportions (Cambodia or Madagascar, for example), to identify any inherent di erences in how dry and humid forest schemes need to be administered.
Comparison studies investigating the relative merits and drawbacks of incentive schemes (such as community-based natural resource management [CBNRM] , REDD and the Clean Development Mechanism) in the dry forest context would be especially valuable in informing the design of future interventions. e applicability of "lessons learned" from humid forest schemes in informing dry forest project design could also form the basis of focused research.
Incorporating climate change adaptation into forest management
For all regions, there is a striking lack of research on how climate change can be incorporated into dry forest management. Even the most common development issues that might a ect how forests adapt to climate change, such as poverty or land tenure/control, remain poorly studied. Compounding this gap is a failure to consider forest adaptation in policy also. Although some innovative adaptation solutions have been identi ed in Brazil (Baldauf 2012) , tropical dry forests frequently lack adaptation strategies, or else are subject to unworkable, unenforceable or poorly designed policies (see Dewees et al. 2011 ). For example, Lasco et al. (2008) found that in the Philippines, climate change has barely been considered within forest policy, even though dry forests are the most vulnerable forest system to climate change in the country. Although local people may apply indigenous technical knowledge to adaptation challenges, their e orts are rarely recognized or incorporated into formal approaches (Nyong et al. 2007 ).
Weaknesses in policy are partly attributable to a lack of empirical data, as there are only a few studies showing the likely impacts of climate change on dry forests (Miles et al. 2006 ). e forests of India appear to have received the most attention, with several studies considering the impact of climate change on di erent forest types in that country (Ravindranath and Sukumar 1998; Ravindranath et al. 2005; Sathaye et al. 2006) . e number of studies is insu cient given the geographical extent of the world's dry forests, and available data have not yet been translated into the tools and guidance needed to support forest managers in incorporating adaptation into management.
Future research could build on Locatelli et al.'s (2008) "adaptation toolbox" by supporting research into narrower, localized solutions that can be transformed into practical tools and guidance for managers, particularly for smallholders that lack the resources for adaptation.
One approach could be to lead with a few pioneer countries, where the e ects of climate change on dry forests would be studied in detail and tools could be developed and tested intensively. e rst of these could be from Latin America, as dry forests on that continent are considered among the most at risk (Miles et al. 2006 ).
Improving the role of forestry in climate change adaptation
Although the role of forestry in supporting adaptation is often acknowledged, it is rarely prioritized within adaptation strategies (Locatelli et al. 2008) . For example, Mozambique, which contains large areas of tropical dry forest and woodlands, frequently refers to the importance of forest management for achieving priorities within its national action plan for adaptation to climate change (National Adaptation Programme of Action, or NAPA), but it does not consider forestry to be a priority in itself (Government of Mozambique 2007). Forestry has also been identi ed as one the four pillars in Ethiopia's climate resilient green economy strategy (Government of Ethiopia 2011), although the strategy does not distinguish di erent forest types, and the links have not been adequately articulated.
Integrating forests into adaptation strategies is considered important because forests are thought to have a far-reaching in uence on adaptive capacity. However, the empirical evidence showing whether this applies to dry forests is not well developed. Evidence from Malawi suggests that forests can support rural households in adapting to climate change (Fisher et al. 2010 ), but studies of this type elsewhere are rare.
In some areas, other forest types are expected to transform into dry forests as the climate changes.
e potential transformation of humid forest to other types, including dry forest, has been most widely documented in India (Ravindranath and Sukumar 1998; Ravindranath et al. 2005; Sathaye et al. 2006; ompson et al. 2009 ). In these areas, new management and use strategies will be required, as dry forests provide di erent goods and services from those of other forest types.
erefore, research should initially focus on how certain dry forests provide support/adaptation services to local populations, and how these services will be a ected by climate change. is knowledge could then be used to demonstrate where dry forests are important to human adaptation, which will be useful in helping policy makers to better incorporate forests as a priority within adaptation strategies. Working with researchers on humid forests to determine where new dry forests are expected to emerge will also be valuable in assisting managers in those areas to manage the transition.
Work in this area could begin in African countries, because of the size and vulnerability of the populations that rely on the forests in that continent.
Theme 2: Food security and livelihoods
Priority research areas • The scale of direct provisioning outside the miombo • The importance of wild food to nutrition in all regions (quantitative, systematic reviews) • The role of dry forests in livelihoods outside the miombo • Ways that the poor can capture more of the added value of dry forest products • The role of dry forests in ecosystem services in all regions 7.2.1 Understanding the direct role of dry forests in food and nutrition Dry forests are thought to be extremely important in food security because of their direct role in providing food, particularly in times of scarcity and in extreme famine conditions. In addition, it is believed that the nutritional intake of people who live near dry forests is a ected by the dietary and nutritional diversity of wild foods (see Ogle et al. 2001; Chidumayo and Marunda 2010; Shackleton et al. 2011 ).
e direct role of dry forests in food security in southern and West Africa has been extensively studied over many years, and information about direct provisioning from these forests is well developed. By contrast, outside Africa, there is almost no knowledge on the role of dry forests in the direct provisioning of food. Some studies on food from the forest have been undertaken in Latin America, but these are mostly ethnobotanical studies focusing almost exclusively on small groups of indigenous people, and research on wider rural populations is rare (for example, Arenas and Scarpa 2007; CamouGuerrero et al. 2008) . is is unfortunate, because in some Latin American countries, dry forest areas are thought to be among the most food insecure (Baldauf 2012) . What research is available suggests that Latin American forests are less important for food and used more for fuel and construction materials (Lucena et al. 2007 ), but this requires further research to con rm. Considerably more work is required for Asia (non-Indian) and the Paci c in particular.
Although it is often stated that wild foods are essential in rural people's nutrition (see, for example, Bharucha and Pretty 2010; Shackleton and Gumbo 2010) , the contribution of wild foods to nutrition is in fact under-researched and largely unknown. Few studies have recorded the nutritional value of various wild foods or the volumes of speci c wild foods consumed by rural people. Research has been conducted in ailand, Laos, South Africa, Burkina Faso, Mali, Brazil, Vietnam and Tanzania, but these tended to focus on a few aspects of a limited number and quantity of foods. Although the ndings generally support the hypothesis that some wild foods can be nutritious, more research is required in all regions into the nutritional value of wild foods, diet de ciencies and actual consumption of speci c wild foods.
e impact on food security of di erent management regimes, gender and poverty in dry forests are also important themes that remain under-researched in all regions.
The role of dry forests to rural livelihoods
Dry forests also contribute signi cantly to rural livelihoods. From beeswax to carbon, dry forests provide many products that can be sold. e African miombo alone is thought to contribute to the livelihoods of more than 100 million people in urban and rural areas (Campbell et al. 2007; Syampungani et al. 2009 ).
However, similar estimates are not available for other regions. As with direct provisioning, the African miombo has been the subject of the vast majority of research into livelihoods. Some studies have investigated livelihoods (particularly in relation to NTFPs) in Chile, Ethiopia, Mexico, Argentina, India and ailand, but these remain quite isolated, and comprehensive data on livelihoods are not available. Much more research is required into the role of dry forests in the livelihoods of people in all areas outside the miombo, and expanding the existing body of knowledge should be a priority. Existing studies do suggest that dry forests contribute di erently to the livelihoods of the poor and the non-poor (Jumbe et al. 2008; Abebaw et al. 2012) and that livelihood types di er between regions, but more research into this through comparison studies of di erent regions and socioeconomic research within regions would be useful. Research also indicates that the poor are rarely able to add value to the forest products that they sell, meaning that they capture only a negligible amount of the total product value. A further priority might be to investigate how to address this, for example by exploring integration in to existing value chains.
7.2.3 The need to accurately assess environmental services Dry forests play a role in many of the environmental services that support food security indirectly. For example, dry forests may support livestock by providing a source of grazing, and the transfer of manure and leaf litter to elds is thought to be important in nutrient cycling and soil improvement (Scoones and Toulmin 1993; Campbell 1996; Clarke et al. 1996; Cavendish 2000; Marunda and Bouda 2010; Dewees et al. 2011) . However, the role of forests in ecosystem services is complex and the methods for assessing forest contributions are still being re ned.
CIFOR has prioritized the development of such methods within its general strategy and has published a variety of studies on ecosystem services, but without any speci c dry forest component (see, for example, Meijaard et al. 2011) . Methodologies to evaluate the contribution of dry forests to ecosystem services do exist, and this work is most advanced in Latin America, followed by the African miombo. Although the focus remains on carbon sequestration, the role of dry forests in water management, livestock provisioning, pollination services and nutrient cycling has been explored (Ricketts et al. 2004; Maass et al. 2005; Malmer and Nyberg 2008; Eaton and Lawrence 2009; Birch et al. 2010; del Castillo et al. 2011; Marunda and Bouda 2010; Carreño et al. 2012) . However, the precise contribution that forests make to these services is not well understood and there is not yet an accepted methodology for assessing this contribution. erefore, continued research is required in all regions, but particularly for the dry forests of Asia, notably Indochina, and the Paci c. Studies on ecosystem services assessment from peninsular Indian dry forests are in progress, but data useful to forest management and conservation will not be available for several years. e Paci c should be prioritized for this research, for several reasons: because the nature of small islands suggests that their forests would have a large in uence on services; because little is known; and because sites could be de ned relatively quickly and easily. e main role of dry forests in the demand for energy is the provision of fuel in the form of wood and charcoal. Although some dry forests may be a ected by other energy-generating activities such as mining or hydroelectricity (for example, the Hwange dry forest region in Zimbabwe is also a center for coal extraction), there is little related research, probably because such cases are relatively isolated.
Research has mainly examined the impact of woodfuel and charcoal supply and demand on deforestation. Most of this research focused on the e ect of fuel demand on deforestation in African dry forests and was conducted in the 1980s and 1990s (for example, Chidumayo 1987 Chidumayo , 1991 . ere has also been limited research into the potential of woodfuel alternatives in Africa (see Foley and Buren 1982) , and some research into sustainable management of forests for charcoal production (Chidumayo 1987; Gumbo et al. 2013) . Since the early 1990s, interest in the subject appears to have declined but may now be increasing once more, with West Africa in particular being a focus for research (see Gautier et al. 2011; Teshome 2011) . Arnold et al. (2003) argued that interest waned because woodfuel declined as a research priority internationally. Nevertheless, research does continue to some extent, often with a focus on charcoal or climate change (Kutsch et al. 2011; Luoga et al. 2000; Mwampamba 2007 ). Valuable research from West Africa has explored value chains for charcoal and woodfuel production, as well as the impact of decentralized and devolved forest management policies to manage production of fuel and other resources (Ribot 1998; Hautdidier and Gautier 2005; Gautier et al. 2011; Rives et al. 201 ).
e miombo continues to receive the greatest research interest. Although some research has been done in Latin America, including some useful e orts to build GIS supply and demand mapping tools for woodfuel (for example, Ghilardi et al. 2009 ), it often covers multiple forest types. Little of the work speci c to dry forests takes fuel as the main topic, and rarely is it quantitative (see Turc and Mazzucco 1998; Castillo et al. 2005 ). However, it seems that in the Americas fuel is usually the most important resource derived from the forest, with heavy usage by the poor (de Albuquerque et al. 2005; Lucena et al. 2007; del Castillo et al. 2011; Suárez et al. 2012 ). Ramos et al. (2008) found that in the Caatinga region of Brazil local people identi ed 67 plants as combustible energy sources, only 37 of which were actually used. is suggests that there may be scope for research into the potential for greater exploitation of the remaining varieties.
Little work has been done on energy demand or supply in the dry forests of the Caribbean, and what is available either includes other forest types or focuses on demand from speci c sectors only (for example, see Geist's (1999) review of the impact on Caribbean forests of the energy demands for tobacco curing).
Relatively little information is available from Asia, even though the region is thought to account for almost half of the world's woodfuel consumption (Arnold et al. 2003) . A number of studies have been conducted in both India and Cambodia, but rarely have these focused on dry forests exclusively (Sagar and Singh 2004; Top et al. 2004a Top et al. , 2004b Top et al. , 2006 . Arnold et al. (2003) conducted a global review of tropical woodfuel research that includes dry forest and other forest types. Interestingly, the authors concluded that there is little evidence to show that demand for woodfuel has substantially outpaced supply (as was feared in the 1980s) and that fuel demands are rarely a cause of large-scale deforestation. By contrast, Makonda and Gillah (2007) argued that woodfuel demand is the second largest cause of deforestation in the developing world. Arnold et al. (2003) also argued that global demand for woodfuel is falling, demand for charcoal is rising and forestry strategies need to take into account changes in demand. Charcoal making is considered one of the most severe environmental threats to dry forests in southern Africa (Chidumayo and Kwibisa 2003) , although there is some evidence that biodiversity can increase during the regeneration period following cutting, if the right management techniques are applied (Syampungani et al. 2009; Chidumayo and Gumbo 2012; Gumbo et al. 2013 ).
Finally, the demand for biofuel energy may have a large impact on dry forests. Although the focus overwhelmingly remains on humid forests, dry forests are beginning to receive attention as large-scale land acquisition (particularly in Africa) increases.
ere is a small but growing body of research on the topic, some of which has compared implications for dry forests across Latin America, Asia and Africa (German et al. 2011a; Baldauf 2012) . Latin America and southern Africa are the best studied, with little research elsewhere. e state of knowledge and changes in demand suggest that research priorities may need to change. Regardless of whether demand is falling, woodfuel remains extremely important in many developing countries, and biofuels are increasingly important in the EU and USA. Research needs to take into account changes in demand and consumption patterns of fuel types, including a potentially substantial international trade. ere is also a need to build up some basic data for many areas of the world, particularly Latin America and Asia. Although there is a reasonably strong body of literature devoted to the technical aspects of managing forests for multiple outcomes (see Bellefontaine et al. 2000; Fox 2000; Hartley 2002; Fredericksen and Putz 2003; Evans et al. 2004; Brockerho et al. 2008) , few of these studies focus speci cally on dry forests (Baldauf 2012) . ose that do tend to be focused on the African dry forests (for example, Chidumayo 1987 Chidumayo , 1988 Dewees 1994; Lemenih et al. 2012) , although there are a few guides from Asia and Latin America for speci c products such as teak (Bucher and Huszar 1999; Krishnapillay 2000; Vieira and Scariot 2006; Villegas et al. 2009 ). In West Africa, Rives et al. (2012) argue that an overreliance on technical aspects of forest management has prevented local forest users from de ning their own techniques for sustainable management, and a growing body of literature supports the integration of indigenous and scienti c management practices with the aim of improving biodiversity and other desirable outcomes, some of which focus on dry forest speci cally (see Sabogal 1992; Michon et al. 2007; Nyong et al. 2007 ). Particularly lacking is information on Asian (non-Indian) and Paci c dry forest management.
Theme
Developing management practices depends on an understanding of the outputs and outcomes that are desirable and achievable for each forest. Research into the use of forest products is already part of CIFOR's strategy, but it would be valuable to extend this to examine dry forest areas in particular. ere is a broad body of research on several dry forest products (honey, charcoal, baobab seeds, gums and resins), particularly in the African miombo, Ethiopia and the dry forests of West Africa (see, for example, Clarke et al. 1996; Campbell et al. 2004; Saka et al. 2007; Chidumayo and Gumbo 2010; Shackleton and Gumbo 2010; Lemenih and Kassa 2011) . CIFOR has an opportunity to build on this, examining new ways in which these could be produced and be managed for multiple uses, as well as developing greater research into products from other areas. Information on dry forest products is limited in Asia, Latin America and the Paci c. Miles (2010) argued that, in general, there is not enough analysis of forest policy. In particular, research into contrasting tenure regimes within forestry is considered to be weak (Ravikumar et al. 2012) , although some work has examined the e ects of di erent forestry licensing regimes in the miombo (German et al. 2011a ) and di culties in regulating access rights in Ethiopia . Some academic analysis of policy has been done for most dry forest countries, but this tends not to analyze impacts on dry forests in particular, probably because few countries appear to have speci c policies for dry forests. As many countries in sub-Saharan Africa have implemented new forestry policies within the past 10-15 years (Wily 2001) , there is a particular need for an analysis of the impacts of the legislation.
One area that has been well researched is the community and decentralized forest management policies that became popular in the 1980s and 1990s.
is is most comprehensive for CBNRM in the miombo and West Africa and community forestry in Latin America, particularly Mexico (see Ribot 1998; Topp-Jørgensen et al. 2005; Raik and Decker 2007; Taber et al. 1997; Dalle et al. 2011; Baldauf 2012; Rives et al. 2012) . Community forestry policy in India has also been well studied, but rarely with a focus on dry forests. ese policies have led to new management institutions (discussed in Section 7.5.2). Research into the impact of certi cation schemes and other such approaches is also growing, but again without a focus on dry forests (Rametsteiner and Forests may also be a ected by institutions, policies and regulation in other sectors such as trade. Impacts of large-scale African economic development plans (such as "land grabbing") on forests have received some attention (see German et al. 2011b; Putzel and Kabuyaya 2011) , as have global biofuels policies (see German et al. 2011a) . Major trade-o s are clearly involved in implementing such policies (between conservation and development, or between local and national economic interests, for example); these are under-researched in dry forests (Schoneveld 2011) . It is also necessary to consider the in uence of non-forest institutions such as legal institutions, international donors, aid agencies and government departments, as the position of such institutions can, in some cases, heavily in uence forest policies and use but, again, research speci cally on dry forests is limited. Climate change and adaptation policies also a ect forests, and are a ected by them (see discussion in Section 7.1).
Clearly, much greater research into forest policy is needed. Analysis must examine the impact and e ectiveness of current policies. For example, Dewees et al. (2011) argued that current policy in the Zambian miombo actually creates disincentives for sustainable management. Similar problems have been reported for policies and institutions in Latin America, which discourage the adoption of even relatively simple sustainability improvements (Baldauf 2012) . More work of this type is required to understand how forest policy can be developed to take into account realities on the ground (for example, what can realistically be enforced? What is realistic to expect forests to deliver?). e policy implications for local people, conservation, development and adaptation to climate change are major areas for research. National forestry policy/ strategies may also need to be updated to take into account the multiple uses and functions of forests and the services they are now known to provide (such as food security, ecosystem services, livelihoods).
Alternative institutions for conservation and management of dry forests
Part of the reason why dry forests are among the most threatened of forest types (Miles et al. 2006 ) is that they are often found in areas of high population density, are rarely protected (Miles et al. 2006; Baldauf 2012) and are considered less attractive than other forest types in REDD/carbon payment schemes (Wertz-Kanounniko and Kongphan-apirak 2009; Baldauf 2012) . Institutions tasked with protecting dry forests have a poor track record in many regions. As a result, a variety of alternative conservation approaches are emerging with the aim of improving conservation, often incorporating additional goals such as the reduction of poverty.
One topic that is receiving increasing attention is the potential for agricultural intensi cation to achieve conservation and development goals. Of all the regions with dry forests, Latin America is by far the best researched (see Grau et al. 2005 Morton et al. 2008; Aide et al. 2012; Zimmerer 2013 ), although there is also some research from Malawi (Fisher and Shively 2006) . e value of agricultural intensi cation for conservation remains contested ( Kassa et al. 2009 ). In general, research into PES is most advanced in Latin America, as is community forestry and conservation through use (CTU) in dry forests (see, for example, Barrance et al. 2009 ); CBNRM has been most extensively studied in the miombo. Community forestry has been studied widely in India, but few studies cover dry forests exclusively. All regions lack systematic, dedicated research into alternative management systems in dry forests (as opposed to ad hoc research that happens to include dry forests). For example, although Indian community and joint forestry management systems have been well studied, most evaluations that include dry forests do so alongside a variety of forest types, making it di cult to distinguish dry forest peculiarities (see, for example, Conroy et al. 2002; Nayak and Berkes 2008) .
Although dry forest systems are extremely diverse, there may be similarities in how they are used that can inform the development of institutions in di erent locations. For example, in most regions, there seems to be division of labor based on gender, which determines which type of wild forest resources are collected by men and women, and how they are used (Jain 1964; Cavendish 2000; Somnasang and Moreno-Black 2000; Camou-Guerrero et al. 2008; Jumbe et al. 2008; Asfaw et al. 2013) . Understanding these divisions would be crucial in developing e ective institutional arrangements, and recording similarities in divisions would be useful in identifying which regions might bene t from sharing information with each other.
A potential research focus could be based on exploring whether particular institutional arrangements are applicable to dry forests, and examining the constraints that are particularly pertinent to poor people in dry forests. For example, research from African dry forests shows that producer organizations often lack su cient recognition to achieve their objectives e ectively (Paumgarten et al. 2012) , so research could investigate how to address this issue. Examining how institutions can be built such that they can respond exibly to changes in economic and climatic conditions would be particularly valuable, given the location of dry forests and their vulnerability to climate change. Geographically, it would be valuable to spread research relatively evenly across the dry forest regions, but the Paci c stands out as the area about which the least is known.
Support for small-scale business and trade
Dry forests are the source of many of the goods used by small enterprises essential to the rural economy (Jumbe et al. 2008) . Dry forest enterprises such as the collection of plants or insects may have low startup costs and are often accessible even to the very poor. For this reason, many institutions have an interest in supporting small enterprises as a means of economic development and poverty alleviation.
Yet developing policies and institutions to support small enterprises requires comprehensive knowledge of those enterprises. In Africa, in particular, dry forest enterprises such as honey, charcoal and insect sales are well documented, barriers to development have been identi ed and business guidelines developed (see, for example, Dewees et al. 2011; Paumgarten et al. 2012; Awono et al. 2013) . In Asia and Latin America, similar research is available, but most studies tend to include a variety of forest types, hampering understanding of dry forest speci cs. Baldauf (2012) also identi ed a number of issues with attempts to improve small-scale forest businesses in Latin America. erefore, a priority in this theme would be to examine non-African dry forest areas more speci cally. Prominent enterprises can then be the subject of further work on value chain analysis, sustainability, etc., to determine how they may be best supported. In particular, it should be a priority to investigate how to support poor producers/ collectors in adding value to their products through processing. It is well understood that the poorest are the most reliant on the forest, yet are rarely able to capture much of the total value of their products (Hegde and Bull 2008; ).
To support this research, more information is needed on users and uses of the forest, and how they will be a ected by conservation or economic goals.
is knowledge is underdeveloped in most regions outside the Africa miombo, but there seems to be di erences in forest use between regions, for example, in gender roles (Somnasang and Moreno-Black 2000; . is raises the concern that commercialization of forest products could actually harm the poor in some dry forest regions , although not in others (MorenoBlack and Price 1993) . ere is also a need to examine how greater economic development will likely a ect the forest. is research should be prioritized in Asia and the Paci c, where relatively little is known about how rural people use the forest.
The impact of global trade and investment
Although research into the impacts of trade and investment is well developed in most dry forest regions, few studies focus exclusively on dry forests. CIFOR has begun to address this by conducting several studies on dry forests, particularly in Africa and Latin America. Most prominent has been extensive work on the implications of biofuels, some of which compared implications for dry forests across Latin America, Asia and Africa (German et al. 2011a ). e impact of Chinese investment on African dry forests is also becoming prominent (see German et al. 2011b; Putzel and Kabuyaya 2011 ).
CIFOR has also developed a framework approach that prioritizes six global regions for greater research (CIFOR 2012) , including several important locations where dry forests are found in Asia, Africa, the Paci c and Latin America (although dry forests are not mentioned as a speci c priority). e framework provides a useful opportunity to prioritize dry forests. CIFOR should build on its existing studies in dry forest regions to explore the impact of both internal and cross-border trade and investment on dry forests in Asia, the Paci c and the Caribbean.
Conclusion
Considerable research has been conducted into dry forests and their value to people across the world. CIFOR has made major contributions to this, primarily for Africa. Nevertheless, dry forests remain under-researched and under-prioritized in national and international policy. CIFOR has begun to expand its research on dry forests to cover those outside Africa (see, for example, Baldauf 2012; Waeber et al. 2012 ). e present review, which builds on CIFOR's earlier work, aims to support this goal.
• Research on climate change and carbon is advanced for the dry forests of Latin America and parts of Africa, but severely lacking for other places.
• Food security and livelihoods have been well studied in parts of Africa, but in all other regions the role of dry forests in food security is under-researched, particularly the area of direct provisioning.
• Africa is well represented in research into energy supply and demand (particularly woodfuel and charcoal, but increasingly biofuels as well). Latin America has been the subject of extensive biofuels research.
• Novel management institutions such as community forestry have received the most attention in research on the dry forests of Latin America and Africa. India, although otherwise well studied on this topic, lacks research on dry forests.
CIFOR has used recent high-pro le outputs such as the Dry Forests Symposium in 2011 to build the necessary momentum to put dry forests onto national and international agendas. By targeting research that lls knowledge gaps, CIFOR could strengthen and consolidate its existing work, broaden the available knowledge on dry forests in a relatively short time and make substantial progress toward achieving its strategic goals. is Annex sets out some speci c studies that would be worth replicating elsewhere in order to build up comparable data or to expand the body of knowledge on dry forests generally. In selecting the studies, usually the approach or the end results/data were considered, rather than methodological speci cs.
Land use change Redo et al. (2012) conducted a study on the dynamics of land-use change in di erent agricultural regimes in the dry forests of Brazil and found that crop choice had an impact on deforestation. Similar studies in other regions would be very valuable in improving deforestation projections and in policy making.
General dry forest research Sánchez-Azofeifa et al. (2005) explained that the TROPI-DRY program set up several permanent eld sites for monitoring dry forests in Latin America. A similar network of sites across other dry forest regions would be extremely valuable in providing reliable time-series data, which are often lacking for dry forests. e concept of the TROPI-DRY network is "to understand and integrate our biological knowledge of tropical dry forests with the social and ecological drivers that determine their change.
e TROPI-DRY network was created … to bring together researchers in conservation biology, ecology, remote sensing, and social sciences to develop a comprehensive, 'state-of-the-art' understanding and explanation of the structure, functioning, and dynamics of tropical dry forest ecosystems" (Sánchez-Azofeifa et al. 2005, 2) . TROPI-DRY functions only in the Americas, and expansion of the network or creation of similar networks in the other regions could improve both understanding and the pro le of dry forests. More information is available at http:// tropi-dry.eas.ualberta.ca/about.html.
Comparison studies German et al. (2011a) conducted a comparative study across regions looking at social, environment and governance issues related to biofuels in forest areas. Although this study included dry forests, it did not focus on dry forests speci cally. Nevertheless, the concept of such a comparison study is useful; more studies of this type, but oriented toward dry forests, would be useful for many of CIFOR's research themes.
Food security
In what might serve as a valuable template study, do Nascimento et al. (2011) investigated the nutritional value of wild foods used in the Caatinga region of Brazil and concluded that several of the foods were nutritious enough to have potential for improving nutrition in the region. Greater research into the actual nutritional quality and consumption levels of wild food is required in all regions, and more studies of this type would serve to ll this gap.
Annex 2: Studies with merit for replication elsewhere cifor.org blog.cifor.org
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